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(54) [Title of the Invention] ACTIVE MATRIX SUBSTRATE AND 
LIQUID CRYSTAL DISPLAY DEVICE 
(57) [Abstract] 

[Problem] To provide an active matrix substrate and a liquid 
crystal display device^ improved in aperture ratio by 
decreasing tlie area where a pixel electrode and a light 
shielding layer overlap each other. 

[Means for Resolution] This active matrix substrate includes: 
two or more pixel electrodes disposed in a matrix; a switching 
element; a first signal wiring for giving a signal for 
controlling the switching element; and a second signal wiring 
for giving a signal to the pixel electrode through the switching 
element. At least one of the first and second signal wirings 
has a two-layer structure including a first layer formed of 
a transparent conductor and a second layer formed narrower than 
the first layer by a light shielding conductor. The pixel 
electrode is superposed on at least one of the first and second 
signal wirings through an insulating film, and the pixel 
electrode has a part superposed on the second layer. 

[Claims] 

[Claim 1] An active matrix substrate, comprising: an 
insulating substrate; a plurality of pixel electrodes disposed 
in a matrix on the insulating substrate; a switching element 
provided corresponding to the pixel electrode; a first signal 



2 



wiring for giving a signal for controlling the switching 
element to the switching element; and a second signal wiring 
disposed to intersect the first wiring to give a signal to the 
pixel electrode through the switching element, wherein at least 
one of the first and second signal wirings has a two-layer 
structure including the first layer formed of a transparent 
conductor and a second layer formed narrower than the first 
layer by a light shielding conductor/ an insulating film is 
formed between the pixel electrode and the switching element 
and the first and second signal wirings , the pixel electrode 
is superposed through the insulating film at least one of the 
first and second signal wirings , and the pixel electrode has 
a part superposed on the second layer. 

[Claiia 2] The active matrix substrate according to 
claim 1, wherein the pixel electrode is superposed on both of 
the first and second signal wirings. 

[Claim 3] The active matrix substrate according to 
claim 1 or 2/ wherein in the signal wiring having the two- 
layer structure / the first layer formed of the transparent 
conductor is formed under the second layer formed of the light 
shielding conductor. 

[Claim 4] The active matrix substrate according to 
claim 1 or 2/ wherein in the signal wiring having the two- 
layer structure / the first layer formed of the transparent 
conductor is formed on the second layer formed of the light 
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shielding conductor. 

[Claim 5 1 The active matrix substrate according to one 
of claims 1 to 4, wherein the switching element has a source 
electrode connected to the second signal wiring and a drain 
electrode connected to the pixel electrode, the second signal 
wiring has the two-layer structure , and the source electrode 
and the drain electrode are formed of the same transparent 
conductor layer as the first layer of the second signal wiring. 

[Claim 6] A liquid crystal display device, 
comprising: the active matrix substrate as claimed in one of 
the claims 1 to 6; an opposed substrate; and a liquid crystal 
layer held between the active matrix substrate and the opposed 
substrate. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] 

This invention relates to a liquid crystal display device 
including a switching element such as a thin film transistor 
(hereinafter referred to as TFT). 
[0002] 
[Prior Art] 

Fig. 5 is a circuit diagram showing the configuration 
of an active matrix substrate 200 of the conventional liquid 
crystal display device using a TFT. As shown in Fig. 5, the 
active matrix substrate 200 has two or more pixel electrodes 
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21 disposed in a matrix and a TFT 24 as a switching element 
connected to each pixel electrode 21. A gate electrode of the 
TFT 24 is connected to a gate signal wiring 22 ^ so that the 
drive (on-off ) of the TFT 24 is controlled according to a gate 
signal input from the gate signal wiring 22 to the gate 
electrode, A source electrode of the TFT 24 is connected to 
a source signal wiring 23 so that when the TFT 24 is driven 
(in the on-state), a data (display) signal is input through 
the TFT 24 to the pixel electrode 21. The gate signal wiring 

22 and the source signal wiring 23 are provided to interest 
perpendicularly to each other through the peripheries of the 
respective pixel electrodes 21 arrayed in a matrix. Further, 
a drain electrode of the TFT 24 is connected to the pixel 
electrode 21 and an additive capacitor 25. The counter 
electrodes of the additive capacitors 25 are respectively 
connected to a common wiring 26. 

[0003] 

Fig. 6 is a sectional view of a TFT 24 part of the active 
matrix substrate 200 of the conventional liquid crystal display 
device. As shown in Fig. 6, in the active matrix substrate 
200, on a transparent insulating substrate 27, a gate electrode 
28 is formed, and a gate insulating film 33 is formed to cover 
the gate electrode 28. The gate electrode 28 is connected to 
the gate signal wiring 22 shown in Fig. 5. A semiconductor 
layer 32 is formed opposite to the gate electrode 28 on the 
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gate insulating film 33. A channel protective layer 36 is 
formed on the central part of the semiconductor layer 32. On 
both sides of the channel protective layer 36^ a contact layer 
31^ which is an n + Si layer ^ is formed to be superposed on 
both end parts of the channel protective layer 36 and cover 
the semiconductor layer 32. Thus^ the contact layer 31 is 
parted into two parts 31a and 31b on the channel protective 
layer 36. 
[0004] 

A source electrode 29 and a drain electrode 30 are 
connected to the contact layers 31a/ 31b, respectively. The 
source electrode 29 is formed extending from the source wiring 
23. 

[0005] 

Further, an inter layer insulation film 34 is formed to 
cover the TFT 24, the gate signal wiring 22 and the source signal 
wiring 23. The pixel electrode 21, which is a transparent 
conductive film, is formed on the interlayer insulation film 
34. The pixel electrode 21 is electrically connected to the 
drain electrode 30 through a contact hole 35. 
[0006] 

The interlayer insulation film 34 is thus formed, whereby 
as shown in Fig. 7, the pixel electrode 21 is superposed on 
the gate signal wiring 22 and the source signal wiring 23 
through the interlayer insulation film 34. An additive 
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capacitor electrode 25 formed extending from the drain 

electrode 30 is opposite to the common wiring 26 • 

[0007] 

This structure is, for example, disclosed in JP-A- 
58-172685. By this constitution, the aperture ratio of the 
liquid crystal display device can be improved and electric 
fields caused by the respective signal wirings 22, 23 are 
shielded to control the alignment failure of the liquid 
crystal. 
[0008] 

The active matrix substrate 200 is aligned with the 
opposed substrate with the liquid crystal layer held between 
them to thereby constitute the liquid crystal display device. 
[0009] 

In the thus constructed liquid crystal display device, 
normally, in order to shield portions other than the pixel 
electrode, a light shielding layer having aperture parts 
corresponding to the pixels is formed. In the case of the color 
liquid crystal display device, it is most general that the light 
shielding layer is provided in a portion corresponding to the 
pixel boundary part of color filters provided on the opposed 
substrate (that is, a boundary part between different colors) . 
In this case, however, since high accuracy is required for 
aligning the substrates with each other, the light shielding 
layer is provided on the active matrix substrate side in some 
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case. 
[0010] 

The structure in which the pixel electrode 21 is 
connected to the drain electrode 3 0 through the contact hole 
35 provided in the interlayer insulating film 34 and the gate 
signal wiring 22 and the source signal wiring 23 are also served 
as the light shielding layer is disclosed in JP-A-4-307521 as 
well (Fig. 8). As shown in Fig. 8, since the signal wirings 
(light shielding layers) 22 and 23 are superposed on the pixel 
(a slant line part) 21, the aperture ratio can be improved so 
much . 
[0011] 

[Problems that the Invention is to Solve] 

As described above, however, even in the case, of using 
the gate signal wiring 22 and the source signal wiring 23 also 
as the light shielding layer, the overlapping parts of the pixel 
electrode 21 and the respective signal wirings are shielded, 
so that the maximum area of the pixel electrode 21 can not be 
utilized as the display part. Although the respective signal 
wirings are reduced in width to decrease the shielded area, 
a decrease in width of wiring will cause high resistance of 
the signal wiring and problems such as breaking of wire. 
[0012] 

The invention has been made in the light of the above 
circumstances, and it is an object of the invention to provide 
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a liquid crystal display device ^ which is improved in aperture 
ratio by decreasing the overlapping area of the pixel electrode 
and the light shielding layers. 
[0013] 

[Means for Solving the Problems] 

An active matrix substrate of the invention includes: 
an insulating substrate; a plurality of pixel electrodes 
disposed in a matrix on the insulating substrate; a switching 
element provided corresponding to the pixel electrode; a first 
signal wiring for giving a signal for controlling the switching 
element to the switching element; and a second signal wiring 
disposed to intersect the first wiring to give a signal to the 
pixel electrode through the switching element. In the active 
matrix substrate, at least one of the first and second signal 
wirings has a two-layer structure including the first layer 
formed of a transparent conductor and a second layer formed 
narrower than the first layer by a light shielding conductor, 
an insulating film is formed between the pixel electrode and 
the switching element and the first and second signal wirings, 
the pixel electrode is superposed through the insulating film 
at least one of the first and second signal wirings, and the 
pixel electrode has a part superposed on the second layer, 
whereby the above object can be achieved. 
[0014] 

The above the pixel electrode is preferably superposed 
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on both of the first and second signal wirings. 
[0015] 

In the signal wiring having the two-layer structure ^ the 
first layer formed of the transparent conductor is formed under 
the second layer formed of the light shielding conductor. 
[0016] 

In the signal wiring having the two-layer structure, the 
first layer formed of the transparent conductor may be formed 
on the second layer formed of the light shielding conductor. 
[0017] 

The switching element has a source electrode connected 
to the second signal wiring and a drain electrode connected 
to the pixel electrode, the second signal wiring has the 
two-layer structure, and the source electrode and the drain 
electrode are formed of the same transparent conductor layer 
as the first layer of the second signal wiring in some case. 
[0018] 

A liquid crystal display device of the invention 
includes: the above active matrix substrate; an opposed 
substrate; and a liquid crystal layer held between the active 
matrix substrate and the opposed substrate to thereby achieve 
the above object. 
[0019] 

[Mode for Carrying Out the Invention] 

The invention will now be described by the embodiments. 
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[0020] 

(Embodiment 1) Fig. 1 is a plan view showing the 
constitution of one pixel part of an active matrix substrate 
100 of a liquid crystal display device according to one 
embodiment of the invention. Fig. 2 is a sectional view of 
the active matrix substrate 100 shown in Fig. 1 taken along 
line A - A' . 
[0021] 

The general constitution of the active matrix substrate 
100 is similar to that of the conventional active matrix 
substrate 200 shown in Fig. 5. On the active matrix substrate 
100 r two or more pixel electrodes 1 are provided in a matrix 
and two or more gate signal wirings 2 and source signal wirings 

3 are provided to pass the peripheries of the respective pixel 
electrodes 1 and intersect perpendicularly to each other. 
[0022] 

As shown in Figs. 1 and 2, the intersecting part of a 
gate signal wiring 2 and a source signal wiring 3 is provided 
with a TFT 4 as a switching element connected to the pixel 
electrode 1 . A gate electrode 8 of the TFT 4 is connected to 
the gate signal wiring 2, and the drive (on-off) of the TFT 

4 is controlled according to a gate signal input from the gate 
signal wiring 2 to the gate electrode 8. A source electrode 
9 of the TFT 4 is connected to the source signal wiring 3^ and 
a data signal is input to the source electrode 9 of the TFT 
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4 . As shown in Fig. 1 , an additive capacitor electrode 5 formed 
extending from a drain electrode 10 is opposite to a common 
wiring 6 . 
[0023] 

The pixel electrode 1 is connected through a contact hole 
15 to the drain electrode 10 of the TFT 4. The gate signal 
wiring 2 and the source signal wiring 3 are formed partly in 
a superposition on the outer peripheral part of the pixel 
electrode 1. The gate signal line 2 is formed of a light 
shielding conductor layer. The source signal wiring 3 has a 
two-layer structure including an upper layer 3b formed of a 
light shielding conductor and a lower layer 3a formed of a 
transparent conductor. The light shielding conductor layer 
parts of both signal wirings function as a light shielding film 
covering an area where the pixel electrode is not formed. 
[0024] 

The active matrix substrate 100 will now be described 
further in detail with reference to Fig. 2. As shown in Fig. 
2, in the active matrix substrate 100, the gate electrode 8 
is formed on the transparent insulating substrate 7 , and a gate 
insulating film 13 is formed on the whole of the insulating 
substrate 7 to cover the gate electrode 8 . The gate electrode 
8 is, as shown in Fig. 1, connected to the gate signal wiring 
2. A semiconductor layer 12 is formed opposite to the gate 
electrode 8 on the gate insulating film 13. A channel 
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protective layer 16 is formed on the central part of the 
semiconductor layer 12. On both sides of the channel 
protective layer 16, a contact layer 11 made of n + Si layer 
is formed to be superposed on both end parts of the channel 
protective layer 16 to cover the semiconductor layer 12. The 
contact layer 11 is parted into two parts 11a and lib on the 
channel protective layer 16. 
[0025] 

The source electrode 9 and the drain electrode 10 are 
formed to be superposed on the contact layers 11a and lib, 
respectively. The source electrode 9 is formed extending from 
the transparent conductor layer 3a of the source wiring 3 . The 
drain electrode 10 is also formed extending from the 
transparent conductor layer. The source signal wiring 3 has 
a two-layer structure in which the light shielding conductor 
layer 3b is provided on the transparent conductor layer 3a. 
The width of the light shielding conductor layer 3b as the upper 
layer of the source signal wiring 3 is formed smaller than that 
of the transparent conductor layer 3a as the lower layer 
throughout the source signal wiring 3. 
[0026] 

An interlayer insulating film 14 is formed to cover the 
TFT 4, the gate signal wiring 2, the source signal wiring 3. 
The pixel electrode 1, which is a transparent conductive film, 
is formed on the interlayer insulating film 14. The pixel 
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electrode 1 is electrically connected to the drain electrode 
10 through the contact hole 15 formed in the inter layer 
insulating film 14. 
[0027] 

The pixel electrode 1 is subjected to patterning to be 
superposed on the gate signal wiring 2 and the source signal 
wiring 3 through the interlayer insulating film 14. In the 
superposed part on the source signal wiring 3, the pixel 
electrode is extended by superposition not only on the 
transparent conductor layer 3a but also on the narrower light 
shielding conductor layer 3b. Accordingly, the light 
shielding conductor layers of the gate and source signal 
wirings 2 and 3 can not only serve as a light shielding film 
between the pixels, but also the light shielding conductor 
layer 3b of the source signal wiring 3 can be formed narrower 
so as to enlarge the effective pixel region for that as compared 
with the conventional source signal wiring. Further, even if 
the light shielding conductor layer 3b is formed narrower, 
breaking of wire of the source signal wiring 3 can be prevented 
by the transparent conductor layer 3a having enough wiring 
width, and further the resistance can be kept low. 
[0028] 

(Embodiment 2) Fig. 3 shows a sectional view of an active 
matrix substrate 110 according to another embodiment. 
Although the two-layer structure of the source signal wiring 
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3 is composed of the transparent conductor layer as the lower 
layer 3a and the light shielding conductor layer as the upper 
layer 3b in the active matrix substrate 100 according to the 
embodiment 1, the lower layer 3a' of a source signal wiring 
3 is formed of a light shielding conductor layer ^ and the upper 
layer 3b' is formed of a transparent conductor layer in the 
present embodiment. 
[0029] 

In the present embodiment, first the lower layer 3a' is 
formed narrower by the light shielding conductor layer, and 
the upper layer 3b' is formed of the transparent conductor layer. 
The width of the upper layer 3b' is made larger than that of 
the lower layer 3a' throughout the source signal wiring 3. In 
the present embodiment, the upper layer 3b' of the source signal 
wiring 3, a source electrode 9 and a drain electrode 10 can 
be simultaneously formed from the transparent conductive film. 
The rest of constitution of the active matrix substrate 110 
is similar to that of the active matrix substrate 100 of the 
embodiment 1. The similar effect to that of the embodiment 
1 can be obtained in the present embodiment as well. 
[0030] 

(Embodiment 3) Fig. 4 is a plan view of an active matrix 
substrate 120 according to still another embodiment. Although 
the source signal wiring 3 has a two-layer structure in the 
active matrix substrates 100 and 110 of the embodiments 1 and 
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2, further a gate signal wiring 2 has a two-layer structure 
in the present embodiment i As shown in Fig ^ 4 the gate signal 
wiring 2 has a transparent conductor layer 2a and a light 
shielding conductor layer 2b formed narrower than the 
transparent conductor layer 2a. 
[0031] 

Also in the case where the gate signal wiring 2 has a 
two-layer structure^ similarly to the source signal wiring 3/ 
either the transparent conductor layer 2a or the light 
shielding conductor layer 2b will be an upper layer or a lower 
layer. The light shielding conductor layer 2b can be formed 
simultaneously with the gate electrode 8. 
[0032] 

The pixel electrode 1 is subjected to patterning to be 
superposed on the gate signal wiring 2 and the source signal 
wiring 3 through the inter layer insulating film. The pixel 
electrode 1 is extended by superposition not only, on a 
transparent conductor layer 3a but also on a narrower light 
shielding conductor layer 3b in the part superposed on the 
source signal wiring 3. Similarly in the part superposed on 
the gate signal wiring 2, the pixel electrode is extended by 
superposition not only on the transparent conductor layer 2a 
but also on the narrower light shielding conductor layer 2b. 
The rest of constitution of the active matrix substrate 120 
is the same as those of the active matrix substrates 100 and 
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110 of the embodiments 1 and 2. 
[0033] 

The gate and source signal wirings 2 and 3 are thus 
constructed In two layers^ so that the light shielding 
conductor layers 2b and 3b can not only serve as the light 
shielding film between the pixels, but also the light shielding 
conductor layers 2b and 3b can be formed narrower so as to 
enlarge the effective pixel region for that as compared with 
the conventional gate and source signal wirings. Further, 
even If the light shielding conductor layers 2b and 3b are 
formed narrower, breaking of wire of the gate and source signal 
wirings 2 and 3 can be prevented by the transparent conductor 
layers 2a and 3a having enough wiring width, and further the 
resistance can be kept low. According to the present 
embodiment, the aperture ratio can be further Improved as 
compared with the case where only one signal wiring has a 
two-layer structure. 
[0034] 

[Advantage of the Invention] 

According to the present Invention, the scan signal 
wiring and the gate signal wiring are also used as the light 
shielding layer, whereby it is not necessary to separately form 
a light shielding layer covering the boundary part between the 
pixels on the substrate. Accordingly, the liquid crystal 
display element can be manufactured without high-level panel 
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alignment technology. 
[0035] 

Further, the source signal wiring and the gate signal 
wiring are constructed in two layers of the transparent 
conductor layer and the light shielding conductor layer 
narrower than the transparent conductor layer, whereby the 
entire signal wiring does not become a light shielding film, 
and the overlapping part of the signal wiring and the pixel 
electrode can be also used as an aperture part for display. 
Accordingly, the aperture ratio can be further improved as 
compared with the conventional structure in which the signal 
wiring and the pixel electrode overlap each other. 
[Brief Description of the Drawings] 

Fig. 1 is a plan view showing a pixel part of a liquid 
crystal display device in which a source signal wiring has a 
two-layer structure of a transparent conductive film and a 
light shielding metal according to one embodiment of the 
invention; 

Fig. 2 is a sectional view of the liquid crystal display 
device in which the lower layer of the source signal wiring 
of a two-layer structure is formed of a transparent conductive 
film, and the upper layer is formed of light shielding metal, 
taken along line A - A' of Fig. 1; 

Fig. 3 is a sectional view of the liquid crystal display 
device in which the lower layer of the source signal wiring 
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having a two-layer structure is formed of light shielding metal 
and the upper layer is formed of a transparent conductive f ilm, 
taken along line A - A' of Fig. 1; 

Fig. 4 is a plan view showing a pixel part of a liquid 
crystal display device in which a gate signal wiring and a 
source signal wiring have a two-layer structure of a 
transparent conductive film and a light shielding metal 
according to one embodiment of the invention; 

Fig. 5 is a circuit diagram showing the constitution of 
a liquid crystal display device including the conventional 
active matrix substrate; 

Fig. 6 is a sectional view of the liquid crystal display 
device shown in Fig. 5; 

Fig. 7 is a plan view of the conventional liquid crystal 
display device; and 

Fig. 8 is a plan view of the conventional liquid crystal 
display device. 

[Description of Reference Numerals and Signs] 

1: pixel electrode 2: gate signal wiring 3: source 
signal wiring 3a, 3b': light shielding conductor layer 3b, 
3a': transparent conductor layer 4: TFT 5: additive 
capacitor electrode 6: common wiring 7: transparent 
insulating substrate 8 : gate electrode 9 : source electrode 
10: drain electrode 11: contact layer 12: semiconductor 
layer 13: gate insulating film 14: interlayer insulating 
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film 15: contact hole 16: channel protective film 
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